Abstract: Cladonia rei (Cladoniaceae, lichenized Ascomycota), a species recently synonymised with C. subulata, deserves to be treated as a separate taxon. Since C. rei was very much neglected in Poland and most previous records referred to C. glauca and C. subulata, its distribution and habitat requirements in the country are reviewed. It is commoner in the eastern part of Poland, becoming rarer towards the west. Information on its chemical variation and general distribution are also provided.
Introduction
The lichen genus Cladonia Hill. comprises 71 species in Poland (Fa ltynowicz 2003) . Due to their size and visibility in the field, they are frequently collected; although easily recognizable at the genus level, their taxonomy and determination at lower taxonomic ranks cause many problems. All taxa are morphologically quite variable due to their high plasticity caused by environmental factors. For a long time determination of Cladonia species was based on morphological analyses and the chemistry was checked with simple spot test reactions (see Motyka 1964) , but the latter lacks precision for the correct determination of lichen substances, a very important character in Cladonia; this resulted in a rather weak knowledge of species distribution in Poland, especially in those groups with similar morphology and chemistry. However, thin layer chromatography (TLC) provides enough chemical information for the correct identification of most species (see e.g. Burgaz & Ahti 1994) . However, to date, this has only occasionally used for the determination of Polish Cladonia species (e.g. Kukwa 2000 Kukwa , 2005 Kowalewska & Kukwa 2003 , 2004 . This is also true for very rarely reported Cladonia rei Schaer. and morphologically similar and common C. glauca Flörke and C. subulata (L.) Weber; these differ morphologically in some respects (e.g. C. rei has a more or less corticated basal part to the podetia; see Swinscow & Krog 1988 , Purvis & James 1992 , but the most significant differences are in the chemistry. C. rei produces homosekikaic acid, usually with sekikaic acid, and frequently also fumarprotocetraric acid. The last substance is the only main lichen metabolite in C. subulata, whereas C. glauca contains squamatic acid (Hammer 1995; Burgaz & Ahti 1994; Purvis & James 1992 ).
According to Nowak & Tobolewski (1975) , C. rei reacts P+ yellow or P-; however, when fumarprotocetraric acid is present, the reation is P+ red (Purvis & James 1992; Burgaz & Ahti 1994; Hammer 1995) .
Recently C. rei was synonymised with C. subulata by Spier & Aptroot (2007) , being reduced to a chemotype, since they did not find any morphological, ecological or distributional correlation with the chemistry of the two species. Their conclusions were based on material mostly from the Netherlands, with rather scanty representatives from other countries. In our opinion, this is not justified and much too early a solution for this species complex. Therefore, we prefer to treat them still as separate taxa, especially since have been shown to be genetically different (Stenroos et al. 2002) .
The aim of this paper is to provide evidence for retaining C. rei as a separate entity based on the studies of literature and herbarium material from Poland. Our research demonstrates that many specimens of C. rei, depending on their reaction with P, were classified as C. subulata or C. glauca and thus the frequency and distribution of C. rei were very much underestimated. Therefore, we provide information on its real distribution in Poland, along with habitat requirements, chemical variation and general distribution.
Material and methods
All available specimens determined as Cladonia glauca, C. rei and C. subulata were revised from the following herbaria: KRA, KRAM, KTC, LOD, OLTC, POZ, SLTC, UGDA and herb. Kukwa (abbreviations follow Mirek et al. 1997 and Holmgren et al. 2003) . Specimens were firstly examined under a stereomicroscope, followed by chemical analyses using thin layer chromatography (TLC) in solvent system A and C according to Orange et al. (2001) . For each sample, information on habitat requirements, chemistry, previous deter- minations, and collectors were noted. All examined localities are mapped according to the modified ATPOL grid square system (Cieśliński & Fa ltynowicz 1993 ; see also Kukwa et al. 2002) (Fig. 1) .
Results
After the revision of almost 800 specimens of the group, 228 samples of C. rei were determined, of which over 90% had been incorrectly referred to C. glauca or C. subulata. Clearly, many records of those two species are doubtful, even if both taxa can still be considered as common in the country (Syrek 2006 ). Spier & Aptroot (2007) considered C. rei to be merely a chemotype of C. subulata. Their decision was based on material of both species coming mostly from the Netherlands. They did not find any significant correlation of morphology, ecology and distribution with the chemistry of the two species, and therefore united both taxa. They also found the UV-test to be unreliable for the detection of homosekikaic acid, leading to many misidentifications. They corroborated their decision with the fact that similar chemical variation is also known in other Cladonia taxa and no species rank is used for the chemotypes in such cases. Additionally, in their opinion, the North American specimen used in DNA sampling for the cladistic study (see Stenroos et al. 2002 ) might have been represented by a still undescribed and distinct species; hence it was speculatively placed in a different clade than C. subulata (but the specimen was not studied by Spier & Aptroot 2007) .
Taxonomy
We are of the opinion that their point of view is not fully supported and it is too early to unite both taxa. Although both taxa are indeed very similar, in Poland we found them to have some differences in their distributions (see below) and morphology. Many C. rei specimens had a more or less distinctly corticated base to their podetia, sometimes even up to the half of its length. Such specimens reminded one of C. cornuta (L.) Hoffm., but the cortex and podetia were more delicate than in the latter. A similar variability of cortex development is also known for other Cladonia species, e.g. C. digitata (L.) Hoffm. and C. ochrochlora Flörke (e.g. Purvis & James 1992), and we think it is acceptable in C. rei as well. The cortex was only rarely observed in C. subulata; however, compacted old soredia frequently formed a rough layer at the base of podetia, giving the impression of a cortex.
As pointed out by Spier & Aptroot (2007) , similar chemical variation as that found in the C. rei -C. subulata complex is also known in other species. However, to date no-one has proved that the chemotypes do not deserve species rank, as the chemistry can be much more important in Cladonia and the taxonomy more complex (see Stenroos et al. 2002) . This is exemplified by samples of the so-called C. chlorophaea group as investigated by Stenroos et al. (2002) , among which were two specimens of C. grayi G.Merr., representing chemotypes with and without fumarprotocetraric acid (both with grayanic acid), both collected in Finland, but rather distantly related; also the seemingly distinctive C. merochlorophaea Asahina, a supposed synonym of C. grayi (see Aptroot et al. 2001) , is a separate taxon. Therefore, we prefer to retain the chemically well-characterized C. rei at species rank.
Chemistry
According to Purvis & James (1992) , C. rei produces homosekikaic acid, but Hammer (1993) reported also sekikaic acid. Those two substances, in combination with subulate, powdery sorediate and usually corticated at the base podetia, which rarely end with irregular cups, distinguishes the species from other members of the genus. It may also contain fumarprotocetraric acid, but this is not present in all individuals, at least in Europe (Purvis & James 1992; Hammer 1993) .
In the case of Polish material, ca. 70% of specimens contained fumarprotocetraric acid (with traces of related substances), sometimes in minor, or even trace amounts. We also found some variability in the production of homosekikaic and sekikaic acids. In ca. 66% of studied individuals both substances were detected; ca. 26% specimens produced only homosekikaic acid and ca. 8% only sekikaic acid. When the two substances occur, their concentrations varied in different specimens, and sekikaic acid was found in high, low or trace amounts. From our observations, one can conclude that variability does not depend on habitat since we found no correlation in between environment and chemistry.
Distribution and habitats in Poland Cladonia rei was reported for the first time from Poland by Lettau in 1919 (see Cieśliński 2003) , since when it has been recorded several times (Fa ltynowicz 2003 and literature cited therein), but in many cases, reference material was not available for this study. First confirmed information was provided by Kukwa (2000) and a few additional records are found in Cieśliński (2003) and Kukwa (2005) . In total, records from only 23 Polish localities have been corroborated by chemical analyses. Nowak & Tobolewski (1975) considered the species to be rare in the lowlands, but our investigation has shown that it occurs in both mountains and lowlands. However, the sites are more numerous in eastern and central Poland (Fig. 1) . Both C. glauca and C. subulata are equally distributed in both western and eastern parts of Poland (Syrek 2006 ). The differences in distribution of C. rei and C. subulata in Poland are in contrast to the results obtained by Spier & Aptroot (2007) .
According to Cieśliński (2003) , C. rei is epigeic, as confirmed by our research, with 92.5% of specimens being collected from soil; only very occasionally was it found on other substrata, such as tree bark, old straw, wood, rocks or mosses over rocks. From all available, but not necessarily complete, data collected from labels, we concluded that C. rei grows most frequently in dry and sunny places. It seems to prefer more anthropogenous habitats than ecologically similar C. subulata. Interestingly, C. rei was reported from heavy metalcontaminated habitats in Slovakia (Hajdúk & Lisická 1999) , which may suggest that it has a high tolerance to pollution.
General distribution
The species is widely distributed in Europe, e.g. Austria (Hafellner & Türk, 2001 ), Belgium and Luxemburg (Diederich & Sérusiaux 2000) , Czech Republic (Vězda & Liška 1999) , Estonia (Randlane & Saag 1999), Lithuania (Motiejūnaitė 1999) , Norway and Sweden (Santesson 1993) , Slovakia (Pišút et al. 1996) and Spain (Burgaz & Ahti 1994) . Elsewhere it is known from Africa (e.g. Swinscow & Krog 1988; Hafellner 1995) , Asia (Kurokawa 2003) , Australia (Feuerer 2006) , North America (e.g. Hammer, 1995) 
